Disrupted in Schizophrenia-1 (DISC1) has emerged as a leading candidate susceptibility gene for schizophrenia and major mental illness. Growing evidence supports a role for the DISC1 protein in brain development and synaptic function, but the molecular mechanisms underlying this role remain poorly understood. 1 Correct neuronal development and function are highly dependent on brain energy supplied in the form of adenosine triphosphate by mitochondria. These organelles are crucial for fuelling essential processes, including axon guidance, neurite outgrowth, synaptogenesis and synaptic and action potential signaling, whereas their dysfunction has been linked to schizophrenia, bipolar disorder and depression. 2, 3 Mitochondria are highly dynamic organelles that must be correctly transported by microtubule motor proteins to distant sites in neurons with high energy demand, such as growth cones and pre-and postsynaptic domains. 2 Disruption of this transport impairs correct neuronal development, synaptogenesis and synaptic function. 2 Although DISC1 has been linked to microtubule transport processes 4 and localized to mitochondria, 5 whether DISC1 or its disease-associated variants are important in regulating the correct distribution and transport of this essential organelle remains unknown.
To investigate the role of DISC1 in regulating mitochondrial trafficking, we studied the effects of altering DISC1 expression levels on the dynamics of mitochondrial movement using live cell microscopy to image mitochondria in hippocampal neurons. We co-transfected mitochondrially targeted dsred proteins mtdsred2 6 to visualize mitochondria, and either wild-type DISC1 to increase DISC1 expression levels or a DISC1 short hairpin interfering RNA (shRNAi) to reduce DISC1 expression levels. By imaging over time, motile and stationary mitochondria in axons were visualized using kymographs (bottom panels of Figure 1a , c and f, and Supplementary Figure 1a) that were created by projecting sequential line scans through a process of interest onto the y-axis. 6 Stationary mitochondria are seen as straight lines and moving mitochondria as diagonal lines. In control neurons, the percentage of mitochondria that were moving, assessed over a 2 min period, was B25%, similar to previous observations. 6 Elevating expression of DISC1 caused a striking increase in the percentage of mitochondria that were moving in neuronal axons (42.81 ± 4.9% of mitochondria were moving compared with 26.94 ± 2.8% for control neurons expressing mtdsred2 alone, P = 0.01, Figure  1a and d). In contrast, using a previously characterized shRNAi sequence to specifically knock down DISC1, 7 as confirmed by western blotting and specific depletion of the 100 kDa full-length isoform ( Letters to the Editor the DISC1 RNAi rescue, all not significantly different, Figure 1e ), suggesting that the effect of DISC1 is to increase the fraction of mitochondria engaged in the mobile phase rather than providing alternative pathways for more rapid movement. Two non-synonymous single-nucleotide polymorphism variants of DISC1, Ser704Cys and Leu607Phe, associate with schizophrenia, bipolar disorder and major depression and have been linked to differences in synaptic function and brain maturation. 1, [8] [9] [10] We used shRNAi knockdown of DISC1 combined with coexpression of DISC1 variants resistant to the shRNAi to replace endogenous DISC1 with these variants and address whether the diseaseassociated polymorphisms influence mitochondrial trafficking. In neurons expressing shRNAi to knock down DISC1, both the common variant (which encodes Leu607/Ser704) and the Cys704 variant could equally rescue mitochondrial trafficking, suggesting no difference in these variants in regulating mitochondrial transport. In contrast, compared with the DISC1 common variant, the Phe607 DISC1 variant was unable to correctly rescue mitochondrial movement in DISC1 RNAi-expressing cells (28.78±2.7% for DISC1 common variant rescue compared with 20.63 ± 2.5% for Phe607 rescue, P = 0.047; Figure 1f and g). These results suggest that correct mitochondrial trafficking in neurons expressing the DISC1 Phe607 variant is significantly impaired.
Here, we report a novel role for DISC1 in regulating the axonal transport of mitochondria and also show that the disease-associated Leu607Phe polymorphism disrupts this function. The ability of DISC1 to regulate mitochondrial dynamics and associate with motor proteins suggests that it is part of an essential motor transport complex that directs mitochondrial trafficking in neurons. 1 Previous studies have revealed diverse effects of DISC1 on synaptogenesis, neurite outgrowth, neuronal migration and neurogenesis. 1 We propose that central to these effects is DISC1's role in the transport of mitochondria, an organelle whose correct function and dynamic localization is essential for neuronal development, communication and signaling. Thus, the regulation of mitochondrial transport and hence neuronal energy provision by DISC1 shown here represents a potentially exciting new target for investigation of underlying mechanisms of schizophrenia.
Modulation of orbitofrontal response to amphetamine by a functional variant of DAT1 and in vitro confirmation Dopamine plays a key role in the reward pathways within the brain. The plasma membrane dopamine transporter (DAT1) is found exclusively in dopamine neurones and regulates the reuptake of dopamine from the synapse. 1 A recently discovered polymorphism, allele 3 of the variable number tandem repeat in intron 8 (Int8 VNTR), has been linked with an increased propensity to abuse cocaine. 2 However, it is not clear how this allele influences the cortical substrate underlying reward processing. We describe the effects of a functional genetic variant in DAT1 on cortical activation during a functional magnetic resonance imaging study of reward processing in subjects treated with amphetamine.
Twenty subjects were randomized to receive either placebo or amphetamine while undergoing functional magnetic resonance imaging during a gambling task. DNA was extracted from whole blood using a modified phenol-chloroform procedure and genotyping conducted as described in Figure 1 . Eleven subjects possessed the at risk allele (allele 3 Int8 VNTR); of these, six received amphetamine and five Letters to the Editor
